A technique to enable long-term blood sampling from piglets aged 2-3 months is described. Piglets were housed individually in expandable cages and a heparinized polyurethane catheter was inserted into the external jugular vein. A technique was used which prevented the catheter from pulling out of the vein with growth of the animals. Blood samples could be obtained for more than 1 Qlonth, and levels of cortisol, glucose, white blood cell count, haematocrit, rectal temperature and heart rate were compared for samples obtained from simulated conventional venepunctures and from the cannula using this technique. It was shown that restraint and needle pricks raised these levels considerably.
Summary
A technique to enable long-term blood sampling from piglets aged 2-3 months is described. Piglets were housed individually in expandable cages and a heparinized polyurethane catheter was inserted into the external jugular vein. A technique was used which prevented the catheter from pulling out of the vein with growth of the animals. Blood samples could be obtained for more than 1 Qlonth, and levels of cortisol, glucose, white blood cell count, haematocrit, rectal temperature and heart rate were compared for samples obtained from simulated conventional venepunctures and from the cannula using this technique. It was shown that restraint and needle pricks raised these levels considerably.
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Analysing blood for hormones or immune products is useful for estimating states of metabolic disorders (Bassett, 1978) as well as of some infectious diseases (Shimizu & Shimizu, 1979) . It is essential to collect blood samples without stressing the animal due to restraint or pain: from venepuncture.
There are technical difficulties, however, in the use of piglets as experimental animals since they are very excitable, their growth rate is very fast and their major blood vessels lie below a thick layer of subcutaneous fat.
The purpose of the present study was to establish a way of long-term blood sampling from piglets in the resting state.
Materials and methods

Animals and cages
Fifteen castrated piglets aged about 40 days were individually housed in cages ( Fig. 1 ) 60 em wide, 130 em long and 50 em high with a food trough space of 25 em. The cage could be adjusted according to the size of the animal, i.e. the width could be increased from 20 to 50 em and the length from 60 to 120 em. An elastic steel net floor coated with polyvinyl resin (Sani-deck, meshes Y2 em x 3;'4 em: Hirano Sangyo Co. Ltd, Koshigaya, Japan) was used so that droppings could pass through. Each cage was Received 12 April 1985; in revised form 30 October 1985 . Accepted 16 December 1985 equipped with an automatic watering device (Roscut: Oaiei Industrial Co. Ltd, Kyoto, Japan) so that animals had water available at any time. Animals were placed in the cages and acclimatized to their new surroundings.
Venous catheterization
Anaesthesia was induced and maintained with halothane and the external jugular vein was exposed ( Fig. 1) . A polyurethane catheter (inner diameter 0·8 mm, outer diameter 1·2 mm, length 100 mm) made of an anti thrombogenic heparinized polymer developed by Toray Co. Ltd (Tokyo, Japan) was inserted into the vein. The catheter was joined to a silicone rubber tube (Faicone, type SH-l, inner diameter 1·0 mm, outer diameter 2·0 mm: Fuji Systems Co. Ltd, Tokyo, Japan) just outside the vein. An anchor made around the silicone catheter was fixed to connective tissue next to the vein with silk threads.
The silicone catheter was passed through the fatty layer to the back where the free end of the catheter emerged through the skin behind the neck. The polyethylene catheter (50 mm long) was connected to the end of the silicone catheter and the pointed end was sealed with heat when it was not in use. To prevent the catheter from being dislodged by scratching or rubbing by the animal, no other external part was attached to it. Furthermore, the outer end of the silicone catheter was not fixed to the skin, and thus the catheter was gradually pulled through the skin with growth. The area around the catheter was kept reasonably clean to prevent infection, and 100 mg of sodium ampicillin (Amipenix: Toyo Jow Co. Ltd, Tokyo, Japan) was administered daily through the venous catheter. Each animal received 200 IU of heparin in 1 ml of sterilized saline at least once a day to avoid thrombus formation within and on the catheter inside the vein.
Comparison of blood sampling methods
In order to examine the effects of restraint and venepuncture on the levels of blood constituents, three piglets aged 75-80 days were subjected to physical restraint and the trauma of conventional venepuncture was simulated by pricking the skin of the neck with a needle. Blood samples were taken 10 and 0 min before, 5, 10, 15 and 20 min during, (2) polyvinyl-covered steell1<Hs set vertically (I) and horizontally (2); (3) water tank; (4) water bulb; (5) feed bucket; (6) elastic steel net floor eoated with polyvinyl resin; (7) wooden frame; (8) external jugular vein; (9) polyurethane catheter; (10) silicone catheter with a double anchor; (II), (12) polyethylene tubes; (13) needle connector; (14) three-way cock; (15) syringe, The polyethylenc tubc (11) was connected to the needle connector (13) for blood sampling, and JO. 40, 70 and 100 min after stressing, As a control, blood was withdrawn through the catheter of one piglet which remained undisturbed in a holding cage throughout the procedure, 
Results
Conditions of blood sampling
The catheters did not remain patent in four of 15 piglets, In one animal the catheter pulled out of the vein on day 10 owing to insufficient fixation to the connective tissue. In three animals the blood could not be withdrawn from the catheter owing to thrombosis, The catheters in the other II piglets remained patent until termination of the animals at day 86, The weight gain of the animals during the period of catheterization was ]9·2 ± 2,(j kg per 36 days (16,2 ± 2·1 kg at 50 days and 35·2 ± 2·4 kg at 86 days),
The condition of the catheter implanted in the 11 piglets was assessed at post-mortem examination, The silicone catheters entered the fat under the skin to a depth of approximately 15 cm for 36 days, In three of 11 piglets, no thrombus formation was detected either on the catheter in the vein or on the internal wall of the vein. ]n eight animals, some fibrin deposition was found around the catheter inside the vein but there was no venous occlusion,
Blood constituents and physiological factors
The values for plasma U-OHCS, glucose, total zoo white cell count, haematocrit, rectal temperature and heart rate are shown in Figs 2 and 3. These blood constituents and physiological factors increased markedly following stress and irritation of the animals. In particular, the plasma ll-OHCS level and the total white cell count remained elevated for more than 1 h. e--e, conventional blood sampling equivalent (blood taken through the catheter with stress equivalents); 0--0, control experiment (blood taken through the catheter).
Discussion
When blood samples are obtained from conscious pigs it is essential not to stimulate the animals since they are so excitable that their blood constituent levels easily change following stressful treatments such as restraint or venepuncture, as indicated in Figs 2 and 3 (Brussow, Bergfeld & Parchow, 1981; Shearer & Neal, 1972) in both swine and miniature swine. These techniques have enabled repeated blood samples to be obtained; however, almost all these experiments were carried out over relatively short durations using adult animals. There are few reports of long-term blood sampling through a catheter from young piglets since their growth rate is so fast that the catheter is easily dislodged from the vein with the growth of the piglets.
In the present study, this problem was overcome by allowing the catheter to be drawn under the skin with growth. This technique seems to be valuable for obtaining accurate and reproducible measurements of stress-sensitive haematological parameters in young animals.
